. Introduction.-It i s well e s t a b l i s h e d t h a t t h e Bordoni r e l a x a t i o n s t r e n g t h i s rel a t e d t o t h e s t r e s s amplitude ( ) . Indeed, t h e Bordoni peaks appear only when t h e
Par6 condition i s f u l l f i l l e d : ob2L = 2Wk (1) with 0 = oi + u (ai i n t e r n a l , om ap- 
t i c deformation o r annealing, t h e height of the Bordoni peaks changes and t h i s change can be due e i t h e r t o t h e v a r i a t i o n of d i s l o c a t i o n length or t h e v a r i at i o n of i n t e r n a l s t r e s s . This second v a r i a t i o n i s o f t e n neglected. Thus, i s i s inter e s t i n g t o have a d i r e c t measurement of i n t e r n a l s t r e s s i n order t o know i t s evolut i o n during p l a s t i c deformation o r annealing and t o compare with t h e behaviour of t h e
Bordoni r e l a x a t i o n . I n p a r t i c u l a r , we have studied simultaneously t h e change of i n t e r n a l s t r e s s and t h e non l i n e a r p r o p e r t i e s of t h e Bordoni r e l a x a t i o n , which a r e c o r r e l a t e d with t h e v a l u e of i n t e r n a l s t r e s s .
2. Experimental r e s u l t s i : i n t e r n a l s t r e s s By d i p t e s t method, i n t e r n a l s t r e s s i s determined on p o l y c r i s t a l l i n e t h i n tubes of aluminium 99.999 %. The study i t s e l f i s concerned with t o r s i o n a l creep t e s t s . Maximum s t r e s s g r a d i e n t i s smaller than 10 % of maximum applied s t r e s s . The i n t e r n a l s t r e s s measurements a r e made with a s p e c i a l t e s t machine, s u i t a b l e f o r t h i s t e s t type (2) . The measurements of t h e creep s t r a i n a r e c a r r i e d out with a s p e c i a l s e n s i t i v e c a p t o r , f i x e d on the sample i t s e l f . This apparatus allows t o d e t e c t a s t r a i n v a l u e a s low a s 1 o -~ (2) . Samples a r e then submitted t o an annealling a t 525 K during one hour a f t e r a c r o s s s e c t i o n reduction of 70 %.
Maximum creep r a t e a r e p l o t t e d versus successive v a l u e s of t h e applied s t r e s s i n f i g . 1. This curve p r e s e n t s two ranges : t h e low s t r e s s range i s due t o an a n e l a s t i c process and t h e high s t r e s s range i s linked t o a m i c r o p l a s t i c s t r a i n process. Similar r e s u l t s have been obtained on i r o n carbon a l l o y s ( 3 ) . I n t h e high s t r e s s range, t h e s t r e s s corresponding t o zero creep r a t e f o r d i f f e r e n t creep s t r a i n values i s determined. As i t w i l l %how below, t h e obtained s t r e s s values a r e very closed t o i n t e r n a l s t r e s s ones. The s t r e s s obtained by e x t r a p o l a t i o n a t z e r o t o t a l c r e e p s t r a i n i s t h e i n t e r n a l s t r e s s which i s t y p i c a l of t h e mi.crostructura1 s t a t e of t h e specimen. 
I n t h i s case, the creep s t r a i n , equal t o 3 .~1 O -~, i s very lower than t h e preplast i c shear s t r a i n (2.10-').
Assuming t h a t t h e evolution of a n e l a s t i c creep r a t e law i s i d e n t i c a l under loading and unloading conditions, e r r o r value due t o t h e anelast i c process is determined according a n a n a l y s i s method described elsewhere (4). Int e r n a l s t r e s s +; i s always measured with a precision b e t t e r than 2 %. I n t e r n a l s t r e s s v a l u e i s closed t o applied s t r e s s one. I t i s i n good agreement with t h e f a c t t h a t thermal s t r e s s component i s very weak i n aluminium a t room temperature. For a p r e p l a s t i c deformation of 2.10-', i n t e r n a l s t r e s s i s p l o t t e d versus t o t a l creep s t r a i n ( f i g . 3 ) . Typical i n t e r n a l s t r e s s of t h e microstructure aspect of specimen i s obtained by extrapolation a t zero t o t a l creep deformation. For several p r e p l a s t i c deformation, evolution of t y p i c a l i n t e r n a l s t r e s s e s i s shown i n f i g . 4. Moreover, f o r a 2 % p r e p l a s t i c s t r a i n , t h e v a r i a t i o n of i n t e r n a l s t r e s s e s with annealing temperature i s schown i n f i g . 5. The s t r e s s decrease seems t o present two evolution ranges with t h e annealing temperature : one, between room temperature and 340 K, t h e o t h e r above. A t high annealing temperature, i n t e r n a l s t r e s s v a l u e tends towards int e r n a l s t r e s s value obtained before p r e p l a s t i c deformation.
i.i : i n t e r n a l f r i c t i o n
Figures 6 and 7 schow t h e e f f e c t of a s t a t i c s t r e s s us on the i n t e r n a l f r i c t i o n s p e c t r a measured with a v i b r a t i o n s t r e s s amplitude lower than us. W e observe t h a t
. Figure 8 shows t h e e f f e c t of annealing on t h e non l i n e a r behaviour of t h e Bordoni r e l a x a t i o n . W e can note t h a t f o r high temperature annealing, t h e Bordoni r e l a x a t i o n becomes very s e n s i t i v e t o t h e amplitude of. the applied s t r e s s .
3 . Discussion.-I n t e r n a l s t r e s s e s a r e due t o d i s l o c a t i o n s which a r e present i n t h e metal. The r e l a t i o n between i n t e r n a l s t r e s s r i and d i s l o c a t i o n d e n s i t y N i s generall y given by t h e following r e l a t i o n : r . = a f i (2) with a a constant parameter. From t h i s r e l a t i o n , t h e i n t e r n a l s t r e s s evolution with p r e p l a s t i c deformation i s given by :
(3 with T~~ and No r e s p e c t i v e l y t h e i n i t i a l i n t e r n a l s t r e s s and d i s l o c a t i o n s d e n s i t y values. However, t h e d i s l o c a t i o n d e n s i t y can be deduced from t h e applied s t r e s sp l a s t i c deformation curve T, cp by t h e following r e l a t i o n (6) :
with A a constant value. d
Using a planimeter, t h e evolution of t h e d e n s i t y of d i s l o c a t i o n with p l a s t i c s t r a i n E i s determined from experimental (T -ep) curve according to r e l a t i o n (4).
This evoyution can b e represented by t h e following expression :
with m = 1.16. This r e s u l t i s i n good agreement with t h e ones found by o t h e r s aut h o r s ( 6 ) and (7) . 
F i n a l l y , t h e s e r e s u l t s and t h e good order of magnitude of d i s l o c a t i o n d e n s i t y deduced from r e l a t i o n ( 2 ) ( e g~~ = cm-=) i n d i c a t e t h a t experimental r e s u l t s a r e coherent.
On t h e other hand, t h e i n t e r n a l f r i c t i o n experiments show t h a t t h e Pard condition (8) i s not s a t i s f i e d when the p l a s t i c deformation i s low ( f i g . 6) o r a f t e r annealing ( f i g . 8) because it appears only a badly defined peak without s t a t i c s t r e s s .
The a p p l i c a t i o n of a b i a s s t r e s s of 5x10-= G r e e s t a b l i s h e d t h e Pard condition and a well-defined Bordoni peak appears c l e a r l y ( f i g . 6 and 8 ) .
However, a f t e r annealing, we observe an i n c r e a s e of t h e Bordoni peak a f t e r suppression of US : thus, t h e a p p l i c a t i o n of us modifies the i n t e r n a l f r i c t i o n behav i o u r .
For high p l a s t i c deformation, t h e Pard condition i s always f u l f i l l e d and t h e e f f e c t of a b i a s s t r e s s i s n e g l i g i b l e ( f i g . 7)
.
By comparison with t h e i n t e r n a l s t r e s s measurements, we can deduce t h a t t h e non l i n e a r behaviour i s observed only when t h e i n t e r n a l
0 -s~ instead of ~2x10-k)
This r e s u l t can b e explained only i f t h e i n t e r n a l s t r e s s e s d i s t r i b u t i o n i s taken i n t o account. Indeed, such d i s t r i b u t i o n s have been observed by "in s i t u " M.E.T. experiments (9) . By d i p t e s t method, we measure t h e mean v a l u e of i n t e r n a l s t r e s s e s which can be considered a s a "macroscopic" i n t e r n a l s t r e s s (10) 
. On t h e o t h e r hand, i n t e r n a l f r i c t i o n i s s e n s i t i v e only t o t h e weakest "local" i n t e r n a l s t r e s s e s . This discussion allows u s t o explain t h e d i f f e r e n c e between the s t r e s s necessary t o f u lf i l l t h e Par6 condition and t h e i n t e r n a l s t r e s s deduced from t h e d i p t e s t . Furthermore, t h e f r a c t i o n of d i s l o c a t i o n s submitted t o low i n t e r n a l s t r e s s values must dec r e a s e when t h e p l a s t i c deformation increases.
I n conclusion, we have observed a q u a l i t a t i v e c o r r e l a t i o n between t h e evolution of t h e i n t e r n a l s t r e s s e s and t h e behaviour of i n t e r n a l f r i c t i o n , e i t h e r a f t e r plast i c deformation o r annealing. Other experiments must be c a r r i e d out t o make more q u a n t i t a t i v e comparison between t h e s e r e s u l t s . F i g . 3 : Evolution of t h e i n t e r n a l s t r e s s a s a f u n c t i o n of p l a s t i c s t r a i n d u r i n g a c r e e p t e s t . 
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temperature 290 K -of i n t e r n a l s t r e s s and shear modul u s v e r s u s p r e p l a s t i c shear s t r a i n by t o r s i o n . I n t e r n a l s t r e s s evolution a s Fig. 6 : I n t e r n a l f r i c t i o n s p e c t r a a f t e r a f u n c t i o n of the annealing temperacold working by t o r s i o n of 0.02 % (a) and t u r e . Duration of t h e treatment : of 0.05 % (b) a t 300 K : curve A : w i -1 hour. thout s t a t i c s t r e s s , curve B : with a s t a t i c s t r e s s u = 5x10-~ G ( t h e o s c i l l at i n g s t r a i n ampHitude i s 5x1 0-6 and f = 1 hz). 
